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ABSTRACT 
 
In this study 7 species of arthropods and 1 of terrestrial mollusc from Roskilde 
fjord were collected, prepared and analysed in the laboratory to determine the presence 
of thermal hysteresis. In this project it is  found  2 individuals (beetle larva and, Limax 
maximus) which present low values of thermal hysteresis, 1 (Forficula auricularia) with 
no appreciable thermal hysteresis however shows recrystallization inhibition activity, 
and 1 (coccinella septempunctata) which shows a rapid burst of ice when cooling 
(probably thermal hysteresis), but it was impossible to analyse deeper. All of them will 
gross the list of the new species with some type of IAPs, but in the case of Limax 
maximus and Forficula auricularia is the first time that is described some kind of 
activity, above all, the case of Limax maximus due to it is the first terrestrial mollusc 
with a described thermal hysteresis. 
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PREFACE 
 
 
 
This study has taken place in Sjaelland (East part of Denmark), in Roskilde to be 
precise. It started at the beginning of March in a combined work of laboratory and a 
field sampling of insects and other organisms until May. 
The laboratory work essentially consists of hemolymph extraction and the 
posterior analysis in the nanoliter osmometer. And we are grateful with all the help 
received by Thomas, Casper and Annete.  
 
We would like to thank the assistance of our supervisor Hans Ramløv because 
without his help this project would not be possible.  
We are also grateful to the Roskilde University (RUC) to give us the chance to 
investigate on this project. 
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1. INTRODUCTION: 
 The goal of this study is to have a better comprehension of cold adapted 
mechanisms in ectothermic animals. 
 First of all, a brief review is done about all the theory needed to understand these 
mechanisms.  
1.1 POLYOLS AND OTHER LOW-MOLECULAR 
WEIGHT SUBSTANCES: 
These types of molecules are segregated internally by many insects to prepare their 
bodies to physical and chemical changes due to low temperatures. Arriving winter when 
the temperatures begin getting lower, these molecules are manufactured and released to 
the hemolymph in great concentrations (0.2 mol/l or greater concentrations). The action 
mechanism is colligative, that explain the great synthesized concentrations. The activity 
is based on reduce the freezing point or increasing the osmolality of the cell1. There are 
also tested non-colligative activities in these molecules such as: stabilisation of the 
nascent proteins and the most important stabilisation of the cellular membrane. Some 
examples are glycerol, sorbitol, mannitol, trehalose, and praline but the most spread is 
glycerol. For more details see: Molecular modalities of insect cold survival: current 
understanding and future trends (M. Robert Michaud, D.L. Denlinger), Aspects of 
natural cold tolerance in ectothermic animals (Hans Ramløv, 2000) and The high 
viscosity encountered during freezing in glycerol solutions: Effects on cryopreservation 
(G. John Morris, Martha Goodrich, 2006). 
Most of cold adapted organisms employ multiple cryoprotectant systems, some 
reasons could be that the concentrations secreted could reach poisonous levels in 
organism (above all for polyols due to the great concentrations in hemolymph) and 
multiple substances with similar function but lower concentrations could be a solution 
for that issue (Ring, 1980). Also Storey and Storey (1992) propose that multiple 
crioprotectants could have some metabolic advantages such as different fates in spring 
for sorbitol and glycerol (two of the most extended cryoprotectants). In the figure 1, we 
have a clear example: 
 
                                                 
1
 R.E. Lee, 1998 
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FIGURE 1 marine fishes are protected from freezing by a combination of colligative 
and non-colligative mechanisms. The blue areas represent sea water, which freezes at -
1.9ºC. Pink signifies fish blood, which freezes just below -1.9ºC. The freezing point 
depression is the sum of two components: a colligative depression from 0 to -0,7, and a 
non-colligative effect caused by AFPs. 
1.2 PROTEINS TYPES: 
The continuous improvement of the proteins knowledge in cold adapted 
organisms make the nomenclature difficult to stipulate, actually this terminology is in 
continuous change. The term of antifreeze proteins .is nowadays obsolete due to some 
of this proteins have a very little antifreeze activity (thermal hysteresis). Following 
Clarke2 terminology is possible to speak about a wide group of proteinaceus substances 
called “ice-structuring proteins”, but we prefer to follow the term of “ice active 
proteins”(IAPs)3 due to this term include proteins that affect formation and stability of 
ice crystals. In term of IAPs we can distinguish between “ice-nucleating proteins” 
(INPs),”anti-nucleating proteins” (ANPs), “antifreeze proteins” (AFPs) and 
“recristalization inhibition proteins” (RIPs)4. 
 
 
                                                 
2
 Clarke et al. 2002 
3
 D.A. Wharton et al. 2005 
4
 D.A. Wharton et al. 2005, Hidehisa Kawahara 2004 and Duman et al.2001 
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     Figure 2 The scheme of action modes on various ice-active proteins. 
  
 
1.2.1 Ice-Nucleating Proteins (INPs): Several biological molecules act as ice 
nucleator agents, but the most effective ones are INPs. Those kind of proteins produce 
an induced heterogeneous nucleation, that’s to say, they initiate ice formation at 
relatively high temperatures 5 . Recent studies elucidated that the excretion of that 
molecules across of the biological membranes is an ATP dependent process. There are 
too many different types of INPs such as lipoproteins, polypeptides, aggregates, 
crystallized, high molecular weight proteins…But all of them are thought to present the 
same conditions: similarity to its crystal lattice, the paucity of the surface charge (F. 
Franks et al. 1985), and the high hydrophilic regions orientated to the solvent (Wilson 
and Ramløv, 1995). 
INPs are well known from some bacterial groups (for more information see The 
Structures and Functions of Ice Crystal-Controlling Proteins from Bacteria, Hidehisa 
Kawahara 2002). Researches also show INPs in a large number of freeze-tolerant 
organisms, e.g. from freeze tolerant larvae of the cranefly Tipula trivittata6. 
                                                 
5
 Duman, Howarth,1983 
6
 J.G. Duman et al. 1991 
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Figure 3  Transmission electron micrograph of ice-nucleating bacterium, 
Pseudomonas viridzj7mm KLJIN-2. The bar indicates 0.5 pm. The arrow shows INP. 
From The Structures and Functions of Ice Crystal-Controlling Proteins from Bacteria,                  
Hidehisa Kawahara 2002). 
 
                             
1.2.2 Anti-Nucleating Proteins (ANPs): This kind of proteins and their activity 
has been poorly studied; their activity is based on bounding to the ice crystal nucleator 
agent and elimination or masking them from the ambient. The mechanism is not clearly 
elucidated but further studies are being contemplated to characterize their anti-
nucleating proteins structure and activity. The activity exhibited by these proteins is 
very specific, being capable of lowering a wide range of various ice nucleators 
including some bacterial types. That activity is being studied as a useful tool in organ 
cryopreservation.  
 1.2.3 Antifreeze Proteins (AFPs): Also known as thermal hysteresis proteins 
inhibit growth of ice by means of thermal hysteresis, that’s to say, forcing a difference 
between the melting and the freezing point in the presence of ice crystal. Further, AFPs 
have been shown to inhibit recristalization7. The growth of smaller ice crystals from 
larger ones is called recrystallization. The inhibition of recrystallization process could 
be important in freezing-tolerant organisms, being some biological antifreeze proteins 
the predecessors of this phenomenon.  
                                                                                                                                               
 
7
 Ramsay 1964 
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 The AFPs follow a non colligative way. Due to this fact, they can act, at 
concentrations 300-500 times lower than other dissolved solutes, as antifreeze. The 
effect of AFPs on osmotic pressure is minimized by this8 mechanism. The binding 
ability, of AFPs, at specific ice crystal surfaces causes their unusual capabilities 
attributed9. 
The most commonly accepted model that explain the behavior of antifreeze 
proteins on the ice surface is the adsorption inhibition mechanism proposed by 
Raymond and DeVries (1977). They proposed that AFPs are adsorbed irreversibly to 
the ice crystal surface, in that way they force the ice to grow out in a convex surface 
between AFPs binding sites. Adsorption is thought to require an intimate surface-
surface complementarity between AFP and ice binding surface of the ice crystal. The 
model requires that the antifreeze proteins are irreversibly adsorbed onto the ice surface. 
The forces involved may include the gain in entropy, van der Waals interactions and 
hydrogen bonds. There are two different ways to explain the gain of entropy in the 
converse surface, first is the addition of   high-energy surface water molecules per unit 
ice or, alternatively, as a consequence of a pressure build-up due to the convexity of the 
interface10. The result is a growth inhibition of the ice crystal. That inhibition is a result 
from Kelvin effect which causes a positive curvature in the ice crystal, which is less 
thermodynamically favourable. As a result is obtained a non- equilibrium depression of 
the freezing temperature below the melting point referred to us as thermal hysteresis11. 
We can observe a great growth of the ice crystal (crystal “bursts”) if the temperature is 
lowered below this new non equilibrium freezing point that we called supercooling 
point.   
Since 1977 some new models were proposed to explain mistakes apparently 
found in this model. The presupposition of the irreversibly adsorption is in conflict with 
several characteristics studied recently such us the absence of superheating of ice with 
AFPs, the dependence on concentration, the different thermal hysteresis activities in 
equimolar concentrations of  the different antifreeze proteins types and some structural 
obstacles apparently do not allow the irreversible adsorption of AFP onto ice crystal 
surface. 
                                                 
8
 Fletcher et al, 2001 
9
 Jorov et al, 2004 
10
 Erlend Kristiansen, Karl Erik Zachariassen, 2005 
11
 Andrew J. Scooter et. al, 2006 
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Some modifications in the model were proposed 12  to explain the several 
differences between theory and observed patterns. Hysteresis is explained as a result of 
vapour pressure equilibrium between ice and partially fluid ambient. 
 
Figure 4 Vapour pressure as a function of temperature. Within the hysteresis gap, antifreeze proteins 
elevate the vapour pressure of ice to correspond to the vapour pressure of the surrounding supercooled 
solution. The elevation changes with temperature. At the hysteresis freezing point the sample freezes and 
the vapour pressure of the ice will return to that of bulk ice. Solid line represents the acting vapour 
pressure. 
 
 
The dependence of the hysteresis on concentration is explained by the 
performance of a reversible equilibrium of AFP between ice and solution at melting 
point. This reversible association is followed by an irreversible adsorption when the 
temperature is lowered (following   Erlend Kristiansen and Karl Erik Zachariassen 
2005) 
 
Different hysteresis activities at equimolar concentrations of different types of 
antifreeze proteins are explained as a consequence of their different solubility, above all 
that point influences the phase of reversible association between proteins and ice surface. 
That point leads us: the more the density of adsorbed (irreversibly) AFP onto the ice 
crystal, the greater hysteresis activity. All of this data were validated with all AFP types 
(including insect types).  
                                                 
12
 Erlend Kristiansen and Karl Erik Zachariassen 2005 
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Some organism presents very different values of thermal hysteresis among them. 
Fish AFP for example, presents approximately a maximum thermal hysteresis level of 
1,5º C, observing the insects antifreeze proteins was demonstrated that these proteins 
are from 10 to 30 times more active than fish AFPs. It is because the temperatures 
suported by insects on land are lower than temperatures of the artic waters; the fish have 
to face from -1ºC to -2ºC, being that not comparable with insects. An interesting case is 
the spruce budworm, it can face temperatures around -30º C, resisting the freezing13. 
1.2.4 Recrystallization-Inhibiting proteins (RIPs): Recently, studies are elucidated 
the existence of this type of proteins and have separated them from the obsolete wide 
term of antifreeze proteins. “There may also be some proteins that do not show 
antifreeze activity but which nevertheless inhibit recristalization”14.  The mechanism of 
actuation is similar to the antifreeze proteins, with an intimate interaction between 
protein and ice surface.  
The main reason to have in account as a separate group is that most of them 
produce no thermal hysteresis or a very little one, and is being elucidated that organisms 
who have this little antifreeze activity (thermal hysteresis), in an ecological point of 
view, it has no relevance. Following D. Tursman and J.G. Duman, recristalization 
inhibiting proteins should have also very important functions such as control of size, 
shape and location of ice crystals. That type of ice-active proteins are very common in 
cold adapted plants, and also tested in nematodes 15 and arthropods 16, but most of the 
literature don not employ still the term of R.I.P. In this study there are also some 
examples of new species with a very high recristalization inhibition activity but no 
measurable thermal hysteresis.  
1.3 ICE GROWTH 
Antifreeze proteins lower the freezing point of hemolymph by a non-colligative 
way. The freezing point is decreased below the equilibrium melting point, the difference 
provoked between these values is known as thermal hysteresis. The growth habit of ice 
crystals changes in the presence of AFP17. These proteins are able to link to specific 
                                                 
13
 Fletcher et al, 2001. 
14
 Ramløv et al, 1996 
15
 Panagrolaimus davidi, D.A. Wharton 2005 
16
 Lithobius forficatus, Thursman and Duman 1993 
17
 Raymond and DeVries,1977 
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faces of the growing ice crystals and to detain or decelerate by means of kinetic 
impediments, the freezing process. We could observe, with the presence of AFPs, a 
decrease of recrystallization velocity.  . 
The explanation of major consensus implies that AFPs join to the face of 
preferential growth of the crystal of incipient ice, preventing its development in this 
direction. The growth in other directions is, due to steristic reasons, slower. This 
justifies the special form of the crystals in presence of AFPs. This mechanism is 
coherent, therefore, with the deceleration of the recrystallization, since prevents that the 
already formed crystals accumulate more molecules, and with the thermal hysteresis, 
since only the formation of the ice meets upset and the melting point occurs in 
equilibrium conditions. Another theory, less popular, suggests that the AFPs join to the 
heterogeneous nucleuses, from which the crystals grow easier. The faces of these 
particles that they would join, blocking them, would also have certain complementarily 
with ice crystal faces. 
The adsorption produced by the AFP molecules leads to a disturbance of the 
growth kinetics at the surface interface. It is known that the shape and size of the crystal 
are strongly related on the supercooling in surrounding liquid of the crystal. Needle-like 
crystals (spicules) are formed when the antifreeze solution reach the freezing point , the 
growth is fast and parallel to the c-axis direction (See figure 5A)18; this direction is 
thermodynamically unfavorable for growing, the preferred direction is parallel to the a-
axis. It is known that antifreeze proteins that adsorb to crystal faces along the c-axis 
inhibit the growth in normal direction of c-axis (parallel to a-axis)19 . Bipyramidal 
crystals (See figure 5B) are developed from moderate length needles within the thermal 
hysteresis and dendritic crystals are formed at temperatures around -1ºC, higher 
supercooling point than the others20. “It was found to been little influenced by the 
degree of supercooling but to depend mostly on time.” Extracted from A.J.Scooter, 
2006. 
 
 
                                                 
18
 Ramlov, 2000 
19
 Raymond and DeVries, 1977. Raymond et al., 1989 
20
 S. Grandum, 1999 
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Fig. 5. (A) A diagram illustrating the crystal axes and main faces in a hexagonal ice crystal (ice Ih). (B) A 
diagram of the classical hexagonal bipyramidal ice crystal produced by most fish AFPs illustrating that 
the vertices of the crystal lie along the c-axis. (A.J. Scooter, 2006) 
1.4 COLD ADAPTED STRATEGIES 
 
 
At low temperature environments, animals have demonstrated unusual 
capabilities to support the freezing. Endothermic animals can survive to the 
intempestive temperatures by the way of insulation; however, ectothermic animals 
depend on the temperature of surrounding system, being in risk if the temperature is 
lower than the freezing point of their body fluids. The animals that could not avoid the 
exposure to low environment, hiding in warmer places, or had not the possibility of 
emigrate to another habitat developed adaptations of its physiological characteristics to 
survive.These mechanisms fall into two broad categories: Freeze avoidant and freeze 
tolerant21.   
 
                                                 
21
 R.W Salt, 1961  
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1.4.1 Freeze avoidant: At not extremely cold temperatures these species avoid 
completely the freezing of the body fluids alltogether, being different at lower 
temperatures where the AFP activity may be not enough to stop the freezing, producing 
the death of the organism due to a rapid ice growth. Their supercooling point (SCP) is 
equal to their lower lethal temperature (LLT), having often a large supercooling 
capacity (SCC). The possibility of ice formation in their tissues does not disappear 
because they have to face cold periods in the metastable supercooled state being lethal 
for them. To survive low temperatures in the supercooled state, nucleating agents either 
have to be absent from the tissues or masked during the cold period22. It has been 
observed that some species cease to eat and empty their gut during autumn to avoid the 
inoculation of molecules which can act as external nucleating agents23. The death by 
freezeing could occur between -20ºC and -40ºC. In general freeze avoidance 
ectothermic animals have high mortality (see figure 6) 
 
Polyols and sugar are used as antifreeze, being also used to the stabilization of 
proteins and membranes. In both cases appear antifreeze proteins as a result of the cool-
adapation. 
 
Freeze avoidance animals has been described has a broad group of cool-adapted 
organisms, although the phenotype and the mechanism employed vary considerably 
among them. Because of this, was proposed a subcategorization of freeze avoidance 
animals into four groups based on distinct phenotypes developed24. 
 
The first subcategory is used only for insects that do not suffer high mortality 
before get the freezing of body fluids, freeze avoidance (sensu stricto). However, in the 
other 3 subcategories, has been described a high mortality before get the supercooling 
point25. Chill-tolerant, that is the first of them, can face temperatures below 0ºC and 
above the supercooling point but not during large exposures (days). On the other hand, 
the subcategory chill-susceptibility, exposed to the same temperatures than chill-tolerant 
only can survive during a short period (minutes, hours), some animals have been 
observed to be chill-tolerant or chill-susceptibility depending on the life cycle, as the 
                                                 
22
 Lee, 1998 
23
 Cannon and Block, 1988 
24
 Bale, 2002 
25
 Michaud, 2004 
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flesh fly Sarcophaga crassipalpis26. The third group called opportunistic survival are 
the insects that have not developed any mechanism to avoid the cold damage, their way 
to survive is the work in group looking for a more favorable habitat27. 
 
1.4.2 Freeze tolerant:  These species can support the freezing of their body 
fluids allowing ice to form in extrecellular and extraorgan spaces of their bodies, 
consequetly the SCP of these animals is different from their LLT. The AFPs are used 
with non clear function (for more details see discussion) by these species, they are not 
able no avoid the whole freezing only its damages. The explanation to this mechanism 
is still poorly described, but is known that antifreeze proteins in many cases are 
intracellular and preserves cell membranes to ice damage inhibiting the recrystallization 
of the ice crystal28. 
 The antifreeze proteins and ice nucleating proteins (INPs) control together the 
rate of ice propagation that follows the freezing29. The SCC of these animals is small 
and the body fluids typically crystallize at a relatively high temperature below the 
melting point30.  The lower lethal temperature is less than -40ºC.  
 
 
                                                 
26
 R.E Lee, 1993 
27
 J.S Bale, 2002 
28
 Duman, 2001 
29
 Duman, 2001 
30
 Husby et al, 1980 
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Figure 6 Schematic representation of the main biochemical components involved in the freeze-tolerance 
and freeze-avoidance strategies of insect overwintering. (extracted from Bale J.S. 2002. Insects and low 
temperatures: from molecular biology to distributions and abundance). 
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1.5 SPECIES OF INSECTS, SPIDERS AND 
MOLLUSCS 
 
1.5.1 FORFICULA AURICULARIA 
 
 
Hincks WD. 1955, 1959. A systematic monograph of the Dermaptera of the world. Pt. 1, 
p.1-132; Pt. 2, p. 1-218. British Museum (Natural History). 
  
 
 
1.5.2 DRASSODES CUPREUS 
 
 
 
 
 
 
Check-list of Polish spiders Wojciech STARĘGA, Instytut Biologii, Katedra Zoologii, Akademia Podlaska, 
Siedlce, 2004. 
 
 
 
 
 
 
 
 
The common name of this specie is earwigs. It 
has a length from 12 to 20 mm, their bodies are shiny 
dark and the legs are pale yellow also the pincers and 
shoulders. The antennae has 14 or 15 segments They 
are widespread and feed mainly organic matter as leaf 
litters. The life cycle of this specie depend on the 
temperature. 
  
 
They size both female and male is 9-18 
mm. When can distinguished females by the 
epigyne because a part of the spermathecae and 
the tongue is narrower. Their habitat is under 
stones, in leaf-litter and amongst the base of grass 
tussocks, often in very dry conditions. 
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1.5.3 BEETLE PUPA (2ND STAGE) 
 
 
 
 
Cook Nathan, Nature's Bounty, volume One, 2004. 
 
 
 
 
 
1.5.4 BEETLE  LARVA (1ST STAGE) 
 
 
  
 
 
 
 
Drees, B.M. and John Jackman, Field Guide to Texas Insects, 1999. 
  
 
 
 
 
 
 
1.5.5 COCCINELLA SEPTEMPUNCTATA 
 
 
 
This larva is frequently found 
under rotting logs and other plants debris; 
it will pupate before transforming into an 
adult beetle. The specific specie of beetle 
it is not described. 
 
 
As in the previous example of 
larva we can not conclude to at what 
kind of beetle it belongs. This is the 
first stage of a beetle growth. 
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Kalisch Jim, Department of Entomology, University of Nebraska-Lincoln 
 
 
 
 
 
1.5.6 CARABUS GLABRATUS 
 
 
 
 
 
 
Grebennkov K.A., Carabus (Oreocarabus) glabratus Payk., 1790  
 
 
 
 
 
 
 
 
 
 
The size of these species is large, 
between 23-30 mm. The body is dull 
metallic black, it has a blue metallic 
flashes along the margin of the 
prototum and elytra. Their habitat is 
among litter on well vegetated upland 
peat, particularly on raised bogs.  
The common noun of this family 
coccinellidae is lady beetles. Taking 
into account in general the family are 
medium sizes, with a typical brightly 
colour, often with a pattern of spots. 
They have four tarsal segments 
appearing as three. They usually are 
overwintering as adults. The specific 
characteristic for septempunctata is 
shape highly convex and seven spots 
on elytra.  
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1.5.7 LIMAX MAXIMUS 
 
 
 
Leonard William, Olympia, Thurston (Washington, US), 2000. 
 
 
 
1.5.8 BOMBUS RUPESTRIS  
 
 
 
 
 
 
Shropshire Invertebrates Group - Invertebrates of Shropshire, 2002. 
 
 
 
 
 
 
 
 
 
 
This specie has spots on the 
mantle and spots or tiger stripes on the 
upper surface of its foot. The 
pheneumostate is placement located near 
the rear edge of the mantle. It length is 
about 10 cm. The keel is incomplete, near 
the tip of the tail only. Their habitats are 
field and woods; in shaded places, under 
rocks, wood and vegetation. 
 
They belong to the social bees (Apidae). The 
female has 22 mm of length and the male 16.  It 
is characterized for the red part of the back part 
of their body. They can regulate the temperature 
of their bodies via solar radiation, for this reason 
can life in habitat with low temperatures. 
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2. THIS STUDY 
 
The goal for this study is to have a better comprehension of organisms 
adaptation to the environment. To focus into cold adaptations is a good complement and 
make us easy to understand the great diversity in terms of chemical and physiological 
adaptations, due to all the group came from warmer countries where fauna and flora 
adaptations are normally designed to “fight” against hot and desiccation. The 
understanding of how these proteins work is very useful to describe the specialized 
tasks that they recover in the way of cold adaptation interacting directly with ice crystals 
by different mechanism. On the other hand, the knowledge acquired in this study, can 
be extrapolated to other areas of study such as organs cryopreservation, food industry, 
and multiple new uses that are being elucidated day by day. 
 
At the beginning, our intention was to explain cold adapted organisms from an 
ecological point of view, for that, we toke enough organisms with a well designed 
sampling plan to be able to make a statistically valid study. But some problems 
concerning to lab work (most of them due to our inexperience) made us to lose a lot of 
samples. Some mistakes such as: long period in the fridge without food supply makes 
some organisms die (we recommend do not store them more than 5 days in the fridge), 
The extraction of the hemolymph via capillary tubes is a delicate procedure in which 
only is necessary to apply capillary forces to suck the hemolymph, using a syringe to 
help us with the extraction of the hemolymph was not a good idea due to we get a very 
dense sample (hemolymph mixed with gut content and other fluids), that dense sample 
makes difficult to work with the osmometer having not clear images and making 
difficult to distinguish the ice crystals. We hope next studies will have in account this 
few advices, for more experimental details see material and methods, some interesting 
articles in this point could be Isolation and characterization of hemolymph antifreeze 
proteins from larvae of the longhorn beetle Rhagium inquisitor (Kristiansen and 
Ramløv, 2005), Antifreeze proteins in Alaskan insects and spiders (Duman et al. 2004), 
The basis for hyperactivity of antifreeze proteins.( Scotter et al. 2006) 
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Searching the literature about antifreeze proteins and species involved we came across 
some of the most cited authors within the subject such as DeVries who proposed with 
Raymond in 1977 the adsorption inhibition mechanism that is the most commonly 
accepted model that explain the behavior of antifreeze proteins, but with some 
rectifications of Erlend Kristiansen and Karl Erik Zachariassen (2005). 
 In terms of cold adaptation above all we followed Duman who described deeper these 
knowledge in insects.  
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3.  MATERIAL AND METHODS 
  
3.1   Sampling and identification   
3.1.1     Equipment 
 
Plastic jars (1.7 x 5cm) 
Eppendorf 
Tweezers 
Axe 
Needles  
Stereo microscope . Olympus model SZ30 
 
3.1.2   Methods 
 
The sampling was carried on Roskilde Fjord, during March and April 2007. That place 
is very interesting to sampling due to the marked gradient between the sea line and 
dense forest, that’s to say we found some individuals from exposed areas in the sea 
shore line and individuals from covered areas in the dense forest.  
The sampling area was crossed by a vertical transect divided into three sub areas, 
depending on theoretical exposition degree: exposed (beach and grasses), semi-exposed 
(bushes) and covered (forest). 
 
-Area 1: Beach, the soil texture mainly sandy, vegetation not very abundant 
(some grasses), exposed to strong winds. 
-Area 2: semi-exposed, soil completely covered by abundant dry grasses, 
vegetation abundant grasses most of them death and also abundant bushes, medium 
exposition to wind in the surface and a little exposition on the soil surface due to the 
dense layer of dry grasses (around 10 cm).  
-Area 3: forest, soil well developed with an organic horizon from 5 to 15 cm 
thickness, vegetation very abundant with grasses bushes and trees, a very little 
exposition to wind. This area is characterized by the presence of multiple microhabitats 
 24 
like the rotted trunks and land monticules. Sometimes was necessary the use of the axe 
and tweezers to accede to these places.   
 Each individual was stored, depending on the size of the insect; the plastic jar of 
5 x 1.7 cm was used to store bigger insects, placing in Eppendorf the smaller ones (less 
than 0.5 cm). Little holes were done with a needle in each container to make possible 
the oxygen availability, avoiding the death of insects. The jars were marked indicating 
the exact place in the transect where the insect was found, and also with the relative 
high where the insect was captured. Later, in the laboratory and using a 
stereomicroscope was possible to mark them more specifically with the scientific name 
(e.g. area 3, 1 cm under floor surface, Archiulus sabulosus).  
The insects were kept at cold storage, approximately 5º C, until use. This 
proceed is indispensable to maintain low the metabolism, increasing the possibilities of 
survival without water and food, during the days that insects spent in the fridge at RUC. 
 
 
3.2 Hemolymph Sampling 
3.2.1  Equipment and chemicals 
Stereomicroscope. Olimpus, model SZ30 
CO2 
Needle 
Tweezers 
Glass capillary tubes, 50 µl 
Centrifuge. Sigma laborzentrifugen, D-37520 Germany 
Eppendorf 
Liquid paraffin oil  
3.2.2 Methods 
Hemolymph extracting is a delicate procedure. Before place the insect under the 
stereomicroscope is necessary to expose the insects to a determine amount of CO2 and 
sleep them to be able to handle the insects easier, above all with flying insects. 
Sometimes, when the individual was big, was necessary to catch them with needles to 
avoid movements. 
 25 
Hemolymph was taken by puncturing the cuticle doing a small hole with a needle or 
taking out the legs. The exuding hemolymph was collected using a capillary tube. The 
capillary force makes the hemolymph go up through the capillary tube. Then, by means 
of capillary force too approximately a drop of liquid paraffin oil was placed in the same 
side of the tube, and the opposite end sealed with a flame, covering the exit. This 
proceed makes the sample and paraffin oil go down at the end of the sealed side. The 
capillary tubes were re-labeled. 
Each capillary tube was placed in an Eppendorf container, leaving the sealed side at the 
bottom and centrifuged at 10.000 r.p.m during 5 minutes. The aim of that is to assure 
that the sample is at the bottom of the capillary tube and separate other possible 
substances collected in the tube, leaving the paraffin oil and the hemolymph at the top 
(less dense), and the other substances at the bottom. Sometimes the samples were very 
dense and was necessary to centrifuge them again. The capillary tubes were then store 
frozen at -18º C until use. 
3. 3 Determination of antifreeze proteins 
3.3.1 Equipment and chemicals 
Nanoliter osmometer. Clifton technicals physics. Box 181, Hartford N.Y 12838, U.S.A 
Microscope, model Stemi SV11 
Immersion oil for microscopy Type A. Formula code 1248. 
Immersion oil for microscopy Type B. Formula code 1248. 
Syringes. Sanitex 1ml 
Samples holder with 8 holes 
Saline solution 
Thermal conductor 
CO2 
Microscope slides 
3.3.2 Methods 
 
The antifreeze activity or thermal hysteresis is measured with a Clifton nanolitre 
osmometer.  
The syringe used for extract the samples was joined in its top to a capillary tube 
using hot wax to avoid air bubbles and pre-filled with Type A oil. The samples holder 
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has to be submerged in saline solution to eliminate remaining substances of previous 
uses, dried (we used CO2 for drying), and placed under the microscope. The thermal 
conductor is used to improve the contact between the samples holder and the osmometer 
assuring a correct functioning; the thermal conductor is smeared under the samples 
holder but avoiding the contact with its holes. Having all prepared, the samples were 
sucked with the syringe that contains the Type A oil trying to do not leave space 
between the sample and the oil within the capillary tube, then the sample is placed in 
each hole of the samples holder, that was pre-filled with oil “B”. The election of the 
drop that we are going to use of the 8 possible ones (the samples holder has 8 holes) has 
to bear in mind the size of the sample, the presence of air bubbles (trying to avoid them) 
and that  it is necessary that the drop is completely plunged in the oil. Once chosen our 
hole, focus until the desired size looking the monitor.  
 
The temperature was controlled with a wheel of the osmometer while the 
samples were observed. The light microscope which the nanolitre osmometer is 
equipped with, allows the easy and direct observation of seed ice crystal behavior at 
each temperature. The samples were frozen by a rapid cooling until -40º C, heated until 
a temperature below the expected melting point and then heated again slowly until the 
whole sample, that was before frozen, turned into a small ice crystal called seed ice 
crystal; being the temperature, at which this fact occur, the melting point of the sample.  
At this point, the samples were slowly re-cooled observing the different growth habits 
of the ice crystal. An ice crystal that was stabilized for a while during the cooling and 
suffered a sudden re-growth, was a clear indicator of antifreeze activity; being the 
melting point different from the freezing point. The difference between the melting 
point and freezing point (thermal hysteresis) is directly proportional to the antifreeze 
activity; according to some studies thermal hysteresis is higher in insects than fishes so, 
the antifreeze activity is higher too. Also were observed crystals that grew slowly with 
the cooling (discarding the antifreeze activity) but presenting a characteristic hexagonal 
shape, attributing this fact to the recrystallization inhibition proteins (RIPs). The 
samples that did not show any activity grew slowly, continuously and with a spherical 
shape during the cooling, being the melting and freezing point the same. 
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3.4 .Clifton nanolitre osmometer 
A Clifton nanolitre osmometer is used to determine the melting and freezing 
points of an aqueous solution .It is especially used for the determination of antifreeze 
proteins or thermal hysteresis of a solution. Thermal hysteresis is the difference between 
melting and freezing point, both are measured by the nanolitre osmometer as 
osmolality. The solutions which have no antifreeze proteins, there will be no thermal 
hysteresis (same melting and freezing points). 
A Clifton nanolitre osmometer consists of three major parts. 
1.     Controller Box 
2.     A cooling Stage 
3.    Sample Holder with seven holes 
Some more things are required before operating the device .These are shown below, 
1. Two type of immersion oil, type “A” has less viscosity than type “B”, being type 
“A” used to the extraction of the sample and type “B” to fill the holes of sample 
holder 
2. Two micrometer Syringes ,which hold the oil samples 
3. Microscope 
3.4.1 Method of Operation 
Calibration:  It is calibrated by using the solution of known osmolarity. 
 
Loading of Sample.                                          
 
Sample Holder with 7 "wells" 
 
• All wells of sample holder are filled with thick oil by syringe which is labeled B, 
the oil has to fill the entire hole, trying also to avoid air bubbles within the oil. 
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• A very small amount Sample was taken by using the micrometer syringe which 
contains the less dense oil labeled A, and it was injected on each wells very 
carefully; the drops of sample have to be completely submerged in the oil, 
placed in the center of the hole and have approximately a third of the hole size, 
to do a correct examination. 
Deep Freeze  
                                            
                                              The Clifton controls and readout 
 
After loading the sample, it was cooled to a very low temperature approximately – 40 
Celsius degree quickly. Due to cooling the samples in the sample wells were flash 
freeze. 
 
3.4.2 DETERMINATION OF THERMAL HYSTERESIS  
• The samples were allowed to melt slowly, by controlling the osmometer 
osmolality with the little wheel. It was done until the last ice was 
disappeared and noted the temperature at this point that is melting point of 
the sample (solution).  
• After determine the melting point, the sample (solution) was allowed to 
refrozen using the deep freeze, Then, it was melted again towards a single 
ice crystal. When only a single, very small ice crystal remains the samples 
are cooled in a controlled manner using the nanoliter control box. The 
temperature of the solution at the point when the ice crystal grows is called 
the freezing point.  
 
Thermal hysteresis is also sometime called antifreeze activity and is calculated by 
subtracting the freezing point from melting point. 
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                                   Thermal Hysteresis = Melting Point – Freezing Point  
 
 
3.4.3 APPLICATION  
 
• It is used to determine the osmolarity of very small samples into aqueous 
solutions, biological samples and plant fluids.  
• It is also helpful to determine antifreeze activity or thermal hysteresis in 
solutions of fluids from polar fishes, fluids from over wintering insects, fluids 
from cold-hardy plants and also any fluids that contain antifreeze activity. 
3.5 CALCULATING TEMPERATURE 
 
The results obtained are the osmolality of each hemolymph sample. Continuing 
with the study we calculated the temperature from the osmolality. 
The pure water has well known is defined by characteristics such as freezing point, 
boiling point or vapour pressure, called colligative properties. If a solute is added to the 
pure water, the colligative properties will change proportionally with the amount of 
solute. In this study we measured the osmolality to calculate the temperature of the 
melting point. An osmol is the amount of any substance that, added to 1 litre of pure 
water, makes descend the melting point in 1, 86ºC 31 . This cryoscopic decrease is 
calculated with Raoult Law: 
 
∆Tc =  Kc ·Osmolality 
 
Being Kc the cryoscopical constant of pure water, Kc = -1.86ºC/Osmol; and the 
osmolality the value measured with the nanoliter osmometer. ∆Tc is the decrease 
obtained below 0ºC so, the temperature of melting point expressed in ºC.32 
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 R. Chang, Química, McGraw-Hill, 7ªed, 2002 
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4. RESULTS 
 
The purpose of the study was to obtain enough results of species, before 
documented to have antifreeze activity, to do a comparative study among species, 
individuals, habitats and life cycles. Due to possible limitations in future experiments, 
different considerations were necessary. Since, we lost a great amount of individuals 
(further information in chapter “this study”) and the successful extractions had not 
enough hemolymph to an adequate determination of antifreeze activity with the 
nanolitre osmometer, we found a great limitation. Therefore, we did not separate 
individuals from the same specie in the extraction of capillary tubes. Each sample 
corresponds to unique specie composed by the hemolymph of a few individuals, as we 
can see at the following table: 
 
 
 
Table 1. Values measured with the Clifton nanolitre osmometer and preliminary data of each species. MP 
and FP were transform from milliosm to Celsius degree (see appendix) and TH was calculated, TH=MP- 
FP.  The meaning of numbers in location is explained in material and methods TH = Thermal hysteresis; 
MP = Melting point; FP = Freezing point; RIP = Recrystallization inhibition proteins. 
 
 
 
Our first goal was to obtain visually clear results on nanolitre osmometer, the 
examination of these results were dependent on an adequate filling of the sample holder 
     Specie Location Capture date Extraction date MP (ºC) FP (ºC) Protein activity TH (ºC) 
      beetle larvae     3 25-abr 27-abr -0,85932 -0,8742 RIP 0,01488 
    
      beetle pupa     3 18-abr 20-abr -1,51404 -1,51404 undetermined not observed 
 
     
     Apidae 
       Bombus rupestris     2 25-abr 27-abr -1,08438 -1,08438 not observed not observed 
 
     
     Carabidae 
       Carabus glabratus     3 18-abr 20-abr -0,7068 -0,7068 not observed not observed 
 
     
     Coccinellidae 
       Coccinella              
septempunctata    2, 3 18-abr 24-abr -3,999 -3,999 undetermined not observed 
 
     
     Gnaphosidae 
       Drassodes cupreus     2 18-abr 20-abr -0,83142 -0,83142 undetermined not observed 
 
     Forficulidae 
      Forficula auricularia     3   18-abr 19-abr -0,85932 -0,85932 RIP not observed 
 
    Limacidae 
      Limax maximus     3 25-abr 26-abr -1,09182 -1,2276 RIP 0,1315 
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and the density of the sample which, in many cases, impeded the search of seed ice 
crystal or the observation of its shape. Actually, as we can see in table 1, it is the case 
for the beetle pupa, coccinella septempunctata and drassodes cupreus; the protein 
activity was undeterminated due to the dense and unclear hemolymph samples. 
Furthermore, new trials were not possible to performance because of the limited number 
of samples. 
Forficula auricularia hemolymph showed to have recrystallization inhibition 
proteins. The growth rate of seed ice crystal was constant during cooling, so the 
presence of thermal hysteresis (antifreeze activity) was rejected. During the growing, 
ice crystal showed a hexagonal shape, the ice grew along the a-axis (see figure 7) 
forming a disk.  
 
 
Figure 7. This image of forficula auricularia hemolymph shows the hexagonal shape of 
produced by RIPs 
 
 
This behavior is produced when RIPs adsorb parallel to the a-axis avoiding the 
growing along the c-axis.  
 
Both Carabus glabratus and Bombus rupestris did not show any RIPs neither antifreeze 
activity. 
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Coccinella septempunctata (see appendix) and Drassodes cupreus hemolymph had not 
thermal hysteresis and a possible intervention of RIPs was not observed, it could be due 
to the inexistence of these proteins in the hemolymph or to the difficulties explained 
before. 
Beetle larva presented almost the same case than forficula auricularia (showing 
a hexagonal shape), but that the thermal hysteresis present, the low thermal hysteresis 
founded is worth mentioning, it is demonstrated that some RIPs can present a small 
thermal hysteresis (further information at introduction chapter), nevertheless it is not 
interesting ecologically. 
The case of Limax maximus is special, it showed both thermal hysteresis and 
RIPs, the seed ice crystal grew during cooling along the a-axis as the other cases, 
avoiding the proteins the growing along c-axis, that produced the expansion of basal 
planes (whether both presented the same size or not was not elucidated). 
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5. DISCUSSION  
 
The present  study of insects, spiders and terrestrial mollusks of Sjaeland give us 
a new knowledge about cold-adapted organisms. It has been captured more than 50 
different species of arthropods and terrestrial molluscs, but analysed in laboratory with 
successful results only 8 individuals, which 3 (37,5%) of them showed protein activity, 
2 (25%) of them did not show any activity and 3 (37,5%) of them was impossible to 
determine.  
Regarding the theory in the introduction part of the project, it can be concluded 
that we have found one type of proteins; RIPs, this one has been founded in Limax 
maximus, Forficula auricularia, and a beetle larva (which is difficult to identify). 
5.1 Theoretical discussion  
5.1.1 PROTEINS ACTIVITY  
As it is written in the introduction, RIP activity is characterised by a 
recristalization inhibition activity but with a very little thermal hysteresis (with no 
ecological relevance) or it does not exist at all. 
It could exists certain controversy between RIP and AFP activity because there 
is an unclear line which separate both terms due to the ecological relevance of the 
thermal hysteresis 33 . These behaviour differences could be generated by two 
possibilities: (i) differences in the molecular structure (two different kinds of protein in 
structure and behaviour) (ii) hypo activity (only recrystallization inhibition) due to low 
concentrations of AFP (that’s to say, same structure, different behaviour). This 
hypothesis of low concentrations seems to be more realistic due it has been elucidated 
that AFPs shows recrystallization inhibition at very low concentrations but no 
measurable thermal hysteresis34. In the following figure (Figure 8) it is showed the 
behaviour of the thermal hysteresis against concentration, describing an hyperbolic 
relationship, that means a very high activity at low concentrations and as higher the 
concentration the activity doesn’t increase linearly (1 to 1). 
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 Wharton et al, 2005 
34
 Knight el al. 1986 
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 Figure 8 (A) Illustration of the phenomenon of thermal hysteresis as expressed in diluted 
samples of body fluid from polar fish. (B, C) Hysteresis activity as a function of concentration of 
antifreeze proteins: (B) antifreeze proteins: (●) type I from winter flounder (relationship is determined up 
to 7.5 mM, but is omitted here for scaling reasons), (o) recombinant type II from Sea Raven, and (▼) 
synthetic type III. (C) Antifreeze glycoproteins, (●) 7900 Da, (o) 10,500 Da, (▼) 28,800 Da. (extracted 
from The mechanism by which fish antifreeze proteins cause thermal hysteresis Cryobiology, Volume 51, 
Issue 3, December 2005, Pages 262-280 Erlend Kristiansen and Karl Erik Zachariassen) 
 
 
In the Forficula auricularia case there are no controversial points about 
terminology to employ due to there is no appreciable thermal hysteresis, and we can 
conclude that the activity shown is a response of RIP activity, based on the polygonal 
growth of the ice as it is shown in the results. In the case of Limax maximus and the 
beetle larva is more difficult to determine because of the thermal hysteresis. They show 
a very little thermal hysteresis (0,1315ºC and 0,01488ºC respectively) and according to 
Duman et al. (2003) in a study carried out in Alaska, if the thermal hysteresis is less 
than 5ºC is not sufficient to provide protection to terrestrial organisms, which lives in a 
very extreme environment compared to the aquatic ones (fish AFPs ~0.5–2.0 ºC of 
thermal hysteresis). We also need to have in account that average temperatures in 
Alaska are much lower than Denmark temperatures, in a template climate (which is the 
case of Denmark) 5ºC may mark the difference between live or die. However, from our 
point of view, thermal hysteresis of our results would not have any ecological relevance 
in any case, but further investigations are needed to performance with these organisms 
to discuss about these issues.  
 There could be too many different reasons for the inexistent and the low values 
of thermal hysteresis found, one of them should be that the sampling was in the month 
of April, and it is important to say that the present year has been very warm (the warmer 
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April in the last 59 years, on 26 of April the temperature was more than 25ºC) 
(information extracted from El Diario Montañes, title “un verano de órdago”, may 
2007). In this conditions most antifreeze activity should disappear as a consequence to it 
is not necessary35, furthermore, time for cold acclimation in the fridge was very short 
(normally between 1 and 3 days) and a complete acclimation is impossible to carry on 
by organisms in this very short interval of time.  
This theory is also corresponded with the relatively high values of melting points 
found. That suggest a low polyols concentration, and it is known that polyols production 
requires more rigorous acclimation conditions than does AFP production36.  
Other explanation for that issue could be that some of these species with low 
values of thermal hysteresis are freeze tolerant, and so, is counterproductive to have 
great values of thermal hysteresis in organisms adapted to freeze37. Thee fast ice crystal 
growth that follows freezing in the presence of high levels of thermal hysteresis may be 
deleterious in freeze tolerant organisms38. The combination of low values of thermal 
hysteresis and freeze tolerant has also been showed in plants which produce antifreeze 
proteins39, the centipede Lithobius forficatus40 and studies with the nematode P. davidi41. 
RIP proteins has also been described in sea ice diatoms42 and bacteria43. 
 However the function of RIP in freeze tolerant organisms is still unclear, some 
authors 44describe a membrane stabilization at low temperatures in the presence of AFP 
(in our nomenclature RIP, due to this AFP produce a very low values of thermal 
hysteresis). In Tursman study of Lithobius forficatus, AFPs (again the controversy with 
terminology, RIPs) seems to be associated to the membrane, and that issue may be 
correlated with membrane stability.  
Other possible function described by Wharton could be to prevent intracellular 
ice formation, so there should be intracellular RIPs, actually in a study with the 
nematode P. davidi there are intracellular RIPs45 , but in other studies such as the 
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centipede L. forficatus there is no examples of intracellular RIPs46. So the role of RIPs 
is still unclear, and matter of new studies. 
 
5.1.2 MELTING POINT 
The meeting points results (See table ##) of the different species that we 
collected showed, generally, lower values than other studies. The Duman experiment of 
Alaskan insects and spiders shows values within a range from -1.58 to 4.32ºC for 
Coleoptera, -0.90 to 2.40ºC for Hemiptera, -0.83 to 3.30ºC for beetle larvaes, and -1.74 
to 3.90ºC for Arachnida 47 , approximately. The result for Limax Maximus was 
impossible to compare with other studies because the order Pulmonata was not 
previously known to have antifreeze proteins, so the melting point has not been 
determined before, but comparing with other species results we can conclude that it is a 
relatively high value. However, the result for Coccinella septempunctata was in the 
Alaskan experiment range. 
The possible reasons to the high melting points obtained could be various.  
Being this study the first time that we use nanolitre osmometer the possibility of failures 
in the procedure has to be always taken in account. However, we observed that all the 
values that do not corresponded to the Alaskan study, were higher. As it is written in 
Alaskan temperatures are much lower than Danish ones. This suggests a clear trend that 
could be explained by other reason. The accumulated polyols could colligatively 
depress the melting point of body fluids down, and also the freezing point down 
(Zachariassen, 1985). Assuming the low concentrations of polyols as the reason for 
higher melting points (closer to 0ºC), is necessary to determine what factors influence 
the amount of polyols in the hemolymph. 
According to a study carried out in Czech Republic (David Novotny, 2000) with 
beetles, the polyols concentrations vary during overwintering; an accumulation and 
depletion trends are observed with seasonal changes. These variations are known to be 
influenced by phenotype and genotype. The concentration of polyols changes among 
species, populations. Although the results of their study suggest that: “differences in 
polyols accumulation may exist also between different populations of the same species. 
In addition, there were considerable differences between individuals”. In Novotny’s 
study, the species collected in October and April (warmer temperatures) showed low or 
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null/undetectable concentrations of polyols while ones collected in midwinter presented 
an increased accumulation of these substances. Similar seasonal patterns of depletion 
and accumulation have been measured in other insects48. Furthermore, all these factors 
can interact with different seasonal conditions, habitats, and produce a wide range of 
variations. 
Basing on these affirmations, the influence of the seasonal changes on the 
concentration of polyols seems to be the reason that explains better the variations in our 
results since our sampling was carried out in March and April, being these months quite 
warm. The early increase of temperature could lead to the depletion of polyols 
concentration in hemolymph.  
5.2 SPECIES DISCUSSION 
5.2.1 Beetle larva: At first we have to say that the identification of the larva was 
difficult to elucidate due to the great similarities between all larva beetle species as a 
consequence we couldn’t conclude the specific name. It is already elucidated the 
presence of IAPs in many cases of coleoptera species such as Rhagium inquisitor49, 
Dendroides Canadensis50, tenebrio molitor 51 and multiple examples also published. In 
this case of study we have found a melting point of -0,85932 ºC and a very little thermal 
hysteresis of 0,01488 ºC. Comparing these results with a study made by J.G. Duman et 
al. 2003, about several kind of beetles in Alaska, we can conclude that there are some 
similarities in the melting point between our beetle larva and clucujus clavipies larva, 
which is -0, 83ºC. However, in terms of thermal hysteresis appears a broad difference. 
Actually in the study of Antifreeze protein in Alaskan insects and spiders (Duman 2003) 
there are no measures of less than 0,3ºC of thermal hysteresis in any case. 
 According to the despicable value of thermal hysteresis obtained and the 
recrystallization inhibition activity showed in the nanolitre osmometer experiment, we 
can conclude that the activity is a consequence of  RIP. 
That larva was founded into a rotted trunk in the 3 zone (dense forest) transect in 
Roskilde fjord. That suggests a cold hidden active strategy in microhabitat. 
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5.2.2 Beetle pupa: We found similar difficulties as beetle larva with this second 
stage of development (pupa) in terms of identification. However, is very probable that it 
belongs to tenebridae family but no the well known Tenebrio molitor. 
We have measured a melting point -1,51404ºC, which is relatively low in 
comparison with the others results in our study (most of individuals have a melting 
point in a range from -0,7 to -1,1). That suggests a concentration of polyols higher than 
the rest so it can support a wide cold exposition. Actually we found 8 individuals 
agglutinated (this is one of the various strategies to maintain the temperature) in the 
most external part of another rotted trunk, among the bark and the wood, where cold 
exposition is higher. 
The thermal hysteresis existence was impossible to elucidate due to the sample 
was very dense and dark, probably because in the hemolymph extracting process some 
gut content could came into the capillary. 
As it is expected we founded them in the zone 3, the same that first larva stage. 
 
5.2.3 Bombus rupestris: The melting point in this case is -1, 08438ºC, which is 
among the normal range in this experiment (from -0, 7 to -1, 1). As we discuss before it 
suggests low cold exposition which it is supported by the fact that it is one of the 
species called social insects52, which live agglutinated in a reduced area (beehive). 
The thermal hysteresis was not observed at all and in this case the sample was 
clear enough to determine.  
 This organism was founded in the 2 zone (semi exposed) of transect. Although 
at the beginning we have expected an appropriate zone to found AFP activity in insects 
it wasn’t true at the end (but we are really far of having an appropriated statistical study). 
It is also true that we founded the individual isolate and we can not determine where it 
is the true habitat due to we didn’t found its beehive. 
 
 5.2.4 Carabus glabratus: In this case the melting point is -0,7068ºC which is 
lower than the media, in fact it is the lowest value that we have measured in this study. 
Several studies have been done with coleopteran species and it is well known the trend 
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on that group to produce IAPs53 . However, in our case we didn’t observe any thermal 
hysteresis. 
 This organism was founded in the zone 3 of transect in a rotted trunk. 
 
5.2.5 Coccinella septempunctata: The melting point is -3,999ºC which is the 
greater value that we have measured in this study. This value is comparable to the 
melting point range for beatles described in Duman et al. 2003 (from 2 to 4,7 in most of 
the cases) 
 Coccinella septempunctata could be freeze avoidant specie based on some 
members of the coccinella family, coccinella quinquenotata of Insect Cold-Hardiness: 
Insights from the Arctic,(Danks et al. 1994) and coccinella novemnotata of Duman et al. 
1982. 
We were not able to determine the thermal hysteresis in this case due to the 
amount of sample was insufficient to realise multiples analysis in the osmometer 
however the crystal ice seems to “burst” on first analysis indicating a possible thermal 
hysteresis activity but further investigations have to be performed to clear that point. 
In general ladybeetles are founded everywhere, they are a very cosmopolite 
specie from an ecological point of view, and we founded them in zone 2 and 3 of 
transect. 
 
5.2.6 Drassodes cupreus: This individual has a melting point of -0,83142 ºC 
which is lower than the media, as a matter of fact is the 2dn lower in the range. If we 
make a comparison in spite off the differences described before between our study and 
Antifreeze protein in Alaskan insects and spiders (Duman 2003), we can conclude that 
our melting point result is lower than others result in the quoted article for spiders in 
Alaska (as is expected). 
In terms of thermal hysteresis we could say that it is not observed at all due to 
the before mentioned laboratory problems. With regard to the place where we founded 
the individual it took place in the zone 2 of transect. 
 
5.2.7 Forficula auricularia: The melting point is almost the same than in the 
previous individuals -0,85932 ºC, nevertheless we have founded protein activity in this 
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individual in fact RIP activity, as was showed in the recrystallization inhibition activity 
in the nanolitre osmometer experiment following Z. Jia (2005). However, thermal 
hysteresis was not founded in this individual. That also gives us the greater point to 
confirm RIP activity instead of AFP. It is first time described the presence of IAPs in 
this specie. 
These individuals was founded in the zone 3 of transect specifically in the 
surroundings of the trunks, sharing habitat with Lithobius forficatus, specie which we 
take 4 individuals but it was impossible for to extract an adequate amount of 
hemolymph.   
 
5.2.8 Limax maximus: This is the most successful result of this study, founding 
the first description of thermal hysteresis in terrestrial molluscs (gastropoda, 
pulmonata54). In molluscs, IAPs with low levels of thermal hysteresis (0.09– 0.38 °C) 
have been described in the blue mussel Mytilus edulis (Vallière et al 1990). Although 
recrystallization inhibition has not yet been tested in molluscs, it is to expect that IAPs 
founded in the freezing tolerant Mytilus edulis are RIPs55. 
 Comparing our results of thermal hysteresis (0,1315 ºC) with  M. edulis we 
found it in the expected interval (0.09– 0.38 °C). Based on Wharton’s studies we can 
argue that it is more than probably that RIPs are the IAPs founded in this case of   
Limax maximus. However, a recrystallization inhibition test 56  is recommendable to 
perform in further investigations.  
Melting point result (-1,09182 ºC) is included in our “normality” range of our study 
(from -0,7 to -1,1 ºC), And it was found in zone 3 of transect, as most of organisms 
tested. 
A possibly explanation for the existence of RIPs, should be to prevent 
intracellular freezing, bear in mind the extraction method (in some cases violent with 
tissues), it is probable we extracted some intracellular fluid.  
This organism have no  external  skeleton to provide some protection for 
external inoculation via direct contact with ice, then should be possible that ice came 
into the animal, furthermore low values of thermal hysteresis are not enough to provide 
relevant protection in this situation for that reason it could be a freeze tolerant. That 
                                                 
54
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55
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56
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seems to argue a possible intracellular function of this RIPs, but that point is very 
speculative, we hope all the possibilities will be contemplated in future experiments.  
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6.  CONCLUSION 
At the end we conclude that 2 individuals (beetle larva and, Limax maximus) 
which present low values of thermal hysteresis, 1 (Forficula auricularia) with no 
appreciable thermal hysteresis shows recrystallization inhibition activity, and 1 
(coccinella septempunctata) showed a rapid burst of ice when cooling (probably 
thermal hysteresis), but it was impossible to analyse deeper. All of them will gross the 
list of the new species with some type of IAPs, but in the case of Limax maximus and 
Forficula auricularia is the first time that is described some kind of activity, above all, 
the case of Limax maximus due to it is the first terrestrial mollusc with a described 
thermal hysteresis 
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